ABSTRACT
INTRODUCTION T
HE DIFFERENCES BETWEEN the impact of pulmonary tuberculosis (PTB) and extrapulmonary tuberculosis (EPTB) on acquired immune deficiency syndrome (AIDS) progression and survival are not well understood. 1 Two clinic-based studies that did not distinguish by tuberculosis (TB) type in detail showed disease acceleration and reduced survival in a group of human immunodeficiency virus (HIV)-infected persons with TB 2 and a separate group of persons with AIDS, 3 while another showed minimal influence of TB on HIV disease progression and mortality. 4 Although EPTB is considered a more severe form of disease than PTB in clinical staging systems, 5 there is limited population-based research with sufficient sample sizes and follow-up data that compares the progression of AIDS in persons with PTB and EPTB. This study compares the demographics, immunologic outcomes, rates of opportunistic infection, and survival for a population-based sample of persons with AIDS with PTB and EPTB using follow-up data over a 3-year period.
MATERIALS AND METHODS
The study group in this investigation included all persons reported with AIDS (1993 AIDS case definition) in Los Angeles County (LAC) in 1993 and who were first diagnosed with TB of any type from 1991 through 1993. The LAC AIDS registry was matched with the LAC TB registry to ensure that TB data were complete for persons reported with AIDS during the study period. Persons diagnosed with TB and AIDS were further subdivided into two groups: (1) persons who were reported with AIDS in 1993 who had one or more episodes of PTB between 1991 and 1993 and (2) persons who were reported with AIDS in 1993 who had at least one episode of EPTB between 1991 and 1993 with or without any episodes of PTB. Persons with a previously active TB infection diagnosed before 1991 were excluded.
Medical records were reviewed every 6 months beginning in January 1994 for 3 years or until death for all persons with AIDS and TB of any type. All follow-ups ended in October 1996. Trained medical record abstractors extracted data on demographics; CD4 counts; use of antiretroviral (ARV) medications and Pneumocystis carinii pneumonia (PCP) prophylaxis; the development of opportunistic infections, and death.
A control group was constructed of persons reported with AIDS in 1993 with no history of TB of any type from 1991 to 1996. Medical record reviews were not conducted for the control group after an AIDS diagnosis except to confirm the date of death. The control group was further divided into clinical and immunologic AIDS cases for purposes of comparison.
The goal of the analysis was to compare the demographic, clinical, and mortality characteristics of persons with AIDS and EPTB to persons with AIDS and PTB. For the EPTB, PTB, and non-TB/AIDS control group, univariate analyses of demographic and HIV-risk characteristics are presented. Odds ratios (OR) and 95% confidence intervals (CIs) were calculated to compare the demographics of persons with EPTB to the PTB group and the combined TB groups to the non-TB/AIDS control group. The mean, median, and frequency distribution of CD4 counts are presented at the time of an AIDS diagnosis and at 6 months, 1, 2, and 3 years of follow-up for the coinfected persons. Because of the nonnormal distribution of CD4 counts, the nonparametric Wilcoxon rank-sum test was used to compare the CD4 counts at AIDS diagnosis of the two TB groups to each other and the combined TB groups to the non-TB/AIDS group. A mixed linear model was used to assess differences in the decline of CD4 counts over time for the two TB groups while accounting for differing lengths of follow-up, dissimilar intervals between follow-up, and missing data on CD4 counts.
The number of opportunistic infections (OI) per 100 person-months for the two TB groups are presented and only the first occurrence of an OI is included in the rate calculation, because subsequent events are likely to be recurrences of latent infections. 6 Person-time for the OI rates was calculated based on the time from the date of the first TB diagnosis to the date of first OI occurrence or to death or to the date last seen in a medical setting. Incidence density ratios (IDRs) and 95% CIs were calculated to compare the OI rates in the two TB groups.
Kaplan-Meier survival curves were constructed to evaluate the probability of survival for the four study groups from time of AIDS diagnosis. A Cox proportional hazards model was also fitted to evaluate the predictive value of numerous factors on survival for the PTB/AIDS and EPTB/AIDS groups combined, while controlling for confounding. Analyses were conducted with and without the 14 multidrug-resistant (MDR) TB cases. The results in the two groups were almost identical so the combined results are presented. All analyses were conducted using SAS Version 6.10 (SAS Institute, Cary, NC).
RESULTS
Of the 6,287 AIDS cases reported in LAC in 1993, 6.1% (n 5 415) had either PB or EPTB diagnosed from 1991 to 1993. Follow-up was completed for 382 (92%) persons, and of these, 216 or 56% had PTB only, and 166 or 43% had EPTB with or without pulmonary involvement. without TB, persons with TB were more likely to be African American, Latino, or a race other than white, foreign-born, an injection drug user (IDU), or a man who has sex with men who is also an IDU or has no identified HIV risk; and received an AIDS diagnosis at a public medical facility (see Table 1 ).
The results from the mixed effects model show a significantly lower CD4 count at time of AIDS diagnosis for the EPTB group compared to the PTB group while the results from the Wilcoxon rank sum test shows no difference. Other results from the Wilcoxon rank sum test show that the mean CD4 count was lower for the EPTB group compared to the PTB group at 6-months (p 5 0.009) and 1-year (p 5 0.0006) follow-up points with no differences seen at 2 and 3 years of follow-up. The decline in CD4 counts over the whole follow-up period was also not significantly different for the two TB groups (p 5 0.4) (see Table 2 ).
Among persons with AIDS and PTB, 39% had been taking antiretroviral medications at some time and 42% had been on PCP prophylaxis, proportions that were not statistically different from persons with AIDS and EPTB (39% and 46%, respectively). Of the 179 episodes of EPTB in the 166 persons with AIDS and EPTB, 56 (31%) were in the lymph nodes and 27 (15%) were in the blood, and the remaining were at other sites.
Among persons with AIDS and EPTB with or without pulmonary involvement, the most common opportunistic infections that occurred during the follow-up period were PCP, candidiasis of the esophagus, Mycobacterium avium, toxoplasmosis, herpes simplex, and wasting ( Table 3 ). As shown in the incidence density ratios (IDRs), OIs that were statistically more common in persons with AIDS with EPTB compared to persons with PTB only, included cryptosporidiosis, HIV encephalopathy, herpes simplex, Mycobacterium avium (specified and unspecified), and toxoplasmosis. The rate for total OIs was also higher in the EPTB group compared to the PTB group with an IDR 5 2.0 (95% CIs: 1.6, 2.4). Among all persons with AIDS and TB and a history of any antiretroviral use, there was a tendency towards slightly lower OI rates.
The median survival from time of AIDS diagnosis was 30 months for the EPTB group, 43 months for the PTB group, 22 months for the non-TB clinical AIDS group, and 54 months for the non-TB immunologic AIDS group. The Kaplan-Meir survival curves are shown in Figure 1 for all four groups. As shown in Figure  1 , the EPTB group had a more rapid progression to death than the PTB group and the non-TB immunologic AIDS control group, while the non-TB clinical group had the worst survival pattern. Fig. 1 ).
As shown in the proportional hazards regression model in Table 4 , persons with TB and AIDS who were 40 years of age or older and had CD4 counts less than 200 cells per microliter at time of AIDS diagnosis and had no history of ARV use, had a higher hazard of death than persons without those characteristics. Age at AIDS diagnosis was no longer as strong a predictor of survival, however, when included with other variables in the multivariate model, with CD4 counts at AIDS diagnosis and antiretroviral use emerging as the strongest predictors of survival among these co-infected persons.
DISCUSSION
Among this population of persons with AIDS in LAC, EPTB was significantly more common among Latinos, but not among African Americans when compared to whites, a pattern that is different than what was found nationally where EPTB was elevated among African Americans with AIDS, and less so among Latinos with AIDS. 7 The finding of more TB of any type among nonwhite persons with AIDS in LAC compared to white persons is consistent with national data, however. 8, 9 The finding of more TB of any type among foreign-born persons and IDUs with AIDS is also consistent with data on HIV risk patterns in persons with AIDS and TB in the United States. 8 Results from the mixed effects model showed a significantly lower CD4 count at AIDS diagnosis for the EPTB compared to the PTB group, which was not found using the Wilcoxon rank sum test. The mixed effects model is likely to be more reliable, however, because the method accounts for missing data, differing lengths of follow-up, and varied intervals between follow-ups.
The CD4 count at the time of AIDS diagnosis for the non-TB clinical AIDS group was significantly lower than that for the two TB/AIDS groups. This is consistent with data on HIV-infected persons seen at an urban clinic in which TB, candidiasis and herpes zoster occurred at median CD4 counts greater than 100 cells per microliter compared to all other IOs which occurred at median CD4 counts less than 50 cells per microliter. 10 The lack of a difference in CD4 counts over time for the EPTB versus the PTB groups is an important finding for which there were no comparable reports found in the literature. Petruckevitch et al. 4 reports no differences in CD4 declines for two groups of HIV-infected persons with and without TB but reported no data comparing an EPTB/AIDS to a PTB/AIDS group.
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The OI incidence rate in our AIDS/EPTB study group is about twice that found in the study by Whalen et al., 2 which followed 106 HIV-infected persons with tuberculosis at four U.S. medical centers. The OI rate in our AIDS/PTB study did not differ from the Whalen study, 2 and the overall OI incidence is comparable in the two studies.
PCP, candidiasis of the esophagus, and Mycobacterium avium were the predominant types of OIs identified during the follow-up period for both our study and the study by Whalen et al. 2 , although the numbers of individual OIs identified in our study group are small, resulting in unstable estimates. The finding of Mycobacterium avium in both studies is not surprising because as Mycobacterium avium is a common pathogen that frequently is associated with EPTB and disseminated disease among AIDS patients. 11 With the exception of CMV retinitis and recurrent pneumonia, the OI rates for the EPTB group tended to be higher than those for the PTB group, suggesting that the WOHL ET AL. 468 EPTB group had a more complicated medical course after a TB diagnosis compared to the PTB group. The similarities in the mortality profiles for this population-based sample of persons with AIDS with PTB versus EPTB is consistent with other data from a population-based sample of U.S. AIDS cases 8 and a small sample of 30 men hospitalized in public hospitals in New York City and infected with HIV and TB. 12 In contrast, one European clinic-based study reported a worse survival profile for persons with AIDS and PTB compared to an AIDS/EPTB group, 12 while another U.S. clinic-based study showed a worse survival profile for HIV-infected persons with EPTB compared to those with PTB 2 with HIV-infected persons without any TB at all faring the best. If generalization of patterns of disease progression and mortality to the population at large is the goal, however, then use of population-based studies such as this one and that by Jones et al. 8 may be more useful.
In this study, the better survival profile for the TB/AIDS groups combined compared to the non-TB clinical AIDS groups is consistent with several other population and clinic-based studies. [2] [3] [4] 8, 13, 14 Several studies have shown that TB is diagnosed earlier in the course of HIV disease than other OIs, possibly explaining the longer survival in TB/AIDS patients when compared to non-TB AIDS patients. 3 It is also possible that AIDS-defining OIs other than TB portend a poorer outcome due to fewer effective treatment options than those which are available for TB. The other point worth mentioning is that the sample size for the non-TB clinical AIDS cases (n 5 2,656) in this study is substantially larger than that for the TB groups, suggesting that the survival estimate is likely to be more stable and valid for the non-TB clinical AIDS group than for the TB/AIDS groups. In this population-based study, CD4 counts at AIDS diagnosis and antiretroviral and PCP prophylaxis use influenced survival among coinfected persons. This contrasts to the study by Whalen et al. 2 in which CD4 counts at AIDS diagnosis, a history of a previous OI, and active TB were statistically significant predictors of survival. The findings from the proportional hazards regression analysis in the two studies were similar, although the analysis by Whalen et al. 2 included HIV-infected persons without TB and ours did not. Nonetheless, CD4 counts at AIDS diagnosis emerged as the strongest predictor of survival in both groups of HIV/TB infected persons.
Limitations in this analysis include the absence of information on compliance with and response to TB medications and medications other than ARV and PCP prophylaxis that may have influenced HIV disease progression in the TB groups. Analyses were conducted that excluded those with multidrug-resistant TB, and the results were no different for the MDR-TB cases, however. An additional limitation is the absence of OI data on the non-TB/AIDS group, which would have been useful for comparison purposes. In addition, to assess fully HIV disease progression among persons coinfected with TB of any type fully, HIV viral load measurements are needed before and after the incidence of TB. Finally, the patients included in this analysis were followed prior to the widespread use of highly-active antiretroviral therapy (HAART), which likely would have significantly slowed HIV disease progression in all groups. 
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CONCLUSION
Using the measures of HIV disease progression available for this population-based sample of AIDS cases, persons with AIDS who were coinfected with EPTB were more sick with more OIs than those with PTB, however the mortality patterns for the two TB groups were essentially the same.
